Objective. Sperm DNA undergoes apoptotic fragmentation when exposed to HPV DNA. Details of the specific gene regions targeted by HPV in sperm are lacking. The objective of this study was to determine the integrity of exons 5 and 8 of the p53 gene in sperm exposed to HPV DNA.
INTRODUCTION
The presence of human papillomavirus (HPV) deoxyribonucleic acid (DNA) has been reported in the male genital area with and without warts [1] , in urine [2] , in semen [3] , and in sperm cells [4, 5] . There are more than 80 types of HPV virus [review, 6] . HPV is an epitheliotropic DNA virus, so called because certain types cause warts or papillomas. Low-risk HPV types include 6 and 11, while high-risk types include 16, 18, 31, 33, 35, 39, 52, 56 , and 58 [6, 7] . Rigorous sperm washing procedures that separate the sperm from the seminal plasma are not effective in removing HPV from the sperm in infected specimens as demonstrated by sensitive polymerase chain reaction assays [8] .
Recently, Connelly and colleagues [9] reported DNA fragmentation and apoptosis in sperm cells exposed to HPV 16 DNA derived from the E6 -E7 region. However, it was not known whether the entire genome became fragmented or specific gene regions became damaged at the onset of HPV exposure. An interesting gene that is frequently mutated during HPV infection is the p53 tumor suppressor gene, located in the short arm of chromosome 17 [7, 10 -15] . Mutations of p53 include base substitution, allelic loss or rearrangement, insertion, or deletion leading to the development of cancer [7, 16] . The HPV E6 oncoprotein uses intracellular ubiquitin-protein ligase designated E6-AP to degrade p53 [17, 18] . Hence, it was of interest to examine exons of p53 associated with frequent mutation [19, 20] during exposure to different types of HPV in sperm cells.
The null hypothesis in the present study was that HPV DNA did not disrupt the p53 gene during HPV-induced apoptosis. The objective was to determine the integrity of exons 5 and 8 of the p53 gene in sperm during exposure to different types of HPV. A DNA disc chip assay based on comparative genomic hybridization was used to measure the intensity of DNA damage in the two exons. The data obtained would hopefully help provide additional information on HPV pathogenesis.
MATERIALS AND METHODS

Specimen Preparation
Sperm cells were obtained from the discarded specimens of an HPV-negative donor in an assisted reproductive technologies program. The study was previously approved by the Loma Linda University Institutional Review Board. Each specimen was washed using the 90:45% two-layer colloid wash procedure as previously described [21] . Briefly, on each of five different occasions, semen was pipetted and placed on top of the 90:45% silane colloid layers (Isolate; Irvine Scientific Co., Santa Ana, CA) in a centrifuge tube and centrifuged at 300g for 10 min. The bottom 90% layer was removed, mixed with an equal volume of mHTF medium (Hepes-buffered human tubal fluid; Irvine Scientific), and centrifuged (300g, 10 min) and the washed sperm pellet resuspended in 1 ml of mHTF medium.
The washed sperm were equally divided and pipetted into tubes containing either HLA-DQA1 (control) or HPV type 6b/11, 16, 18, 31, or 33 DNA fragments and incubated for 24 h at 37°C in a 5% CO 2 in air mixture. A tube of sperm without the DNA fragments (untreated control) was also incubated at the same time. The DNA fragments were used instead of viral particles because of previous experience with the fragments and the unique capacity of sperm to absorb foreign DNA fragments [9] . The DNA fragments for HPV types 6b/11 (157 bp), 16 (98 bp), 18 (80 bp), 31 (162 bp), and 33 (103 bp) and the HLA-DQA1 (242 bp) fragment were similar in molecular size [22] . The HLA-DQA1 (known as DQa in older literature) allelic fragments served as the negative control. The supplemented HTF medium with the DNA fragments was prepared by diluting 1:20 the polymerase chain reaction (PCR)-amplified products of previous PCR runs with HTF medium for a final concentration of about 0.01 g DNA/l. The previous PCR runs were targeted at the HPV E6 -E7 gene region for types 6b/11, 16, 18, 31, and 33 using paraffin-embedded cervical condyloma tissues as DNA templates and published primers [22] [23] [24] . The E6 -E7 are early genes associated with cell transformation [7] . The PCR-amplified products were confirmed to contain the DQA1 fragment or the HPV DNA fragments for the five different HPV types using 5% polyacrylamide gel electrophoresis and ethidium bromide staining techniques prior to their usage in the sperm incubation step.
After 24 h of incubation, an aliquot of sperm from each tube was evaluated using the computer-aided sperm analyzer and the kinematic parameters were measured [8] . The remaining portions of the sperm were stored frozen at Ϫ30°C and thawed for the DNA assays. The integrity of exons 5 and 8 of the p53 tumor-suppressor gene was assessed through a DNA disc chip assay based on comparative genomic hybridization (described below) [25] . The p53 gene exons were selected based on high frequency of mutations in cancer cases and experience with the PCR primers at this laboratory. The other exons of p53 were not tested and will be the focus of future studies.
The DNA Disc Chip Assay
The frozen HPV-exposed, DQA1-exposed, and control sperm cells were thawed at room temperature for 10 min. The sperm were centrifuged at 3000g for 1 min to remove the culture media. Each resultant pellet was resuspended in 4°C alkaline lysis buffer (1% N-lauroylsarcosine, 1.0 M Tris-HCl, pH 7.5, 0.5 M EDTA, 0.3 M mercaptoethanol, pH adjusted to Ͼ10 with sodium hydroxide pellets) for 20 min with vortexing to release the sperm DNA [25] . The tubes of sperm DNA were then placed in a PCR thermal cycler and heated at 94°C for 5 min to denature the DNA into single strands similar to the "hot-start" PCR protocol. Single-stranded DNA (ssDNA) was generated using the single primer PCR procedure. The PCR amplifications of HPV-or DQA1-exposed sperm involved using the antisense primer to target either exon 5 (molecular size 282 bp) or exon 8 (236 bp) of the p53 gene. The sense primers for exons 5 or 8 were used to generate normal ssDNA from the control sperm.
The ssDNA was stained with fluorescent dyes under diffuse lighting or dark room condition. The control sperm ssDNA (derived from sense primers) was stained in 9 M bisbenzimide (Hoechst 33342; Sigma Chemical Co., St. Louis, MO) for 5 min and centrifuge-washed twice to remove excess stain (3000g for 1 min). The ssDNA (derived from antisense primers) from HPV-or DQA1-exposed sperm was stained in 1:10,000 diluted Sybr Gold stock stain (Molecular Probes, Inc., Eugene, OR) for 5 min and excess stain removed as recommended by the manufacturer.
The tiny round discs used in the assay were made by pressing a 2-mm Acupunch biopsy punch pen (Acuderm, Inc., Ft. Lauderdale, FL) into the Nytran (Schleicher & Schuell, Inc., Keene, NH) membrane sheet and using a plastic stylet to expel the round discs. The size of the disc was chosen to fit the 40ϫ magnification of the fluorescence microscope in this laboratory. Each disc was held using a pair of microforceps and first dipped into the tube of control ssDNA (Hoechst 33342, blue fluorescence) for a few seconds, blotting off the excess. Then, the disc was dropped into the tube of HPV or DQA1 test ssDNA (Sybr Gold, green-golden fluorescence). This process was repeated several times to obtain replicated data points. Each mean for a specific HPV type and p53 exon was derived from the extracted DNA of millions of sperm hybridized on eight different discs from experiments carried out on four different occasions.
Each tube with submerged discs was allowed to hybridize for 10 -20 s. Several discs were removed using a pair of microforceps and lined up on a glass slide to form a DNA chip. Each glass slide with the DNA discs was examined using an ultraviolet epifluorescence microscope at 40ϫ magnification. The images were captured by placing a QuickCam Pro camera (Logitech, Inc., Fremont, CA) over the microscope eyepiece and saving the 640 ϫ 480 pixels images to hard disk. For storage and data analysis purposes, the color images were cut and pasted onto a photo of a 50-well microtiter plate in a microarray design using the Microsoft Paint program (Fig. 1) . The images were converted to gray scale and the pixel intensity of each disc was analyzed using Paint Shop Pro 6 software (Jasc Software, Inc., Eden Prairie, MN). Greater damage of ssDNA was observed as a lower pixel intensity (reduced greengolden fluorescence) on the disc due to lack of pairing or mismatch with the control ssDNA.
Statistical Analysis
The pixel intensity of each fluorescent disc containing hybridized DNA was obtained from the computer imaging soft-ware and expressed as mean Ϯ SEM (standard error of the mean). The ratio of the pixel intensities of each HPV-exposed sperm DNA disc to the matching control sperm DNA was calculated and normalized to the mean ratio of the DQA1-exposed sperm DNA. Analysis of variance followed by significance testing of the means using the Student t-test statistic were used. A value of P Ͻ 0.05 was considered significant.
RESULTS
An analysis of the p53 gene in sperm showed significant apoptotic fragmentation of exon 5 after exposure to HPV DNA type 18 compared with HPV 6b/11 or 16 (Table 1 ). In contrast, exposure to HPV DNA type 16 resulted in fragmentation of p53 exon 8 but not of exon 5 in sperm. HPV types 31 or 33 did not exhibit statistically significant fragmentation in the p53 exons.
Sperm motility was reduced in the presence of HPV E6 -E7 fragments from all the HPV types tested after 24 h of incubation (Table 2) . Motility was also reduced in HLA-DQA1 gene fragments. The percentages of progressive motility were lower in sperm exposed to the HPV DNA with the exception of HPV type 33 DNA. The amplitude of lateral head displacement, one of the three variables in the hyperactivation equation, was decreased in sperm after exposure to HPV type 16 and 6/11 DNA fragments. There were no significant differences in the remaining parameters.
DISCUSSION
The results demonstrated apoptotic fragmentation of the p53 gene in sperm after exposure to the E6 -E7 DNA fragments of HPV types 16 and 18. At the genomic level, the direct effect of HPV integration into the host genome causing instability of the p53 gene has not been conclusively shown, although some reports hinted at the cause-and-effect relationship [26, 27] . What is known at the protein level is that the expressed
FIG. 1.
A DNA disc chip assay in gray scale showing individual discs with fluorescent DNA derived from p53 exon 5 or 8 of sperm cells. The control discs shown here are the bisbenzimide-stained (blue) sense single-stranded DNA (ssDNA) attached to the Nytran membrane discs. The antisense ssDNA was generated from HPV-exposed sperm DNA, stained in Sybr Gold (golden-green), and hybridized to the control normal ssDNA on the discs. The figure is representative of a larger section of the stored microarray design. Rows 1-5 are the control, patient 1 exon 5, patient 1 exon 8, patient 2 exon 5, and patient 2 exon 8 discs, respectively. Discs exhibiting lower fluorescence were associated with greater DNA fragmentation and apoptosis. Each digitized image was reduced by 88%, cut, and pasted onto an image of a multiwell tray to form a microarray of images for storage, comparison, analysis, and presentation purposes. Note. Values (means Ϯ SEM) are derived from the ratio of HPV-exposed antisense ssDNA of sperm to matching untreated sense ssDNA and normalized to the DQA1 ratio. Higher ratios represent greater DNA integrity.
* P Ͻ 0.05. Different from HPV 6b/11 and 16. † P Ͻ 0.05. Different from HPV 6b/11, 18, and 33.
oncoprotein of HPV E6 degrades p53 protein through the cellular ubiquitin-protein ligase E6-AP pathway [17, 18] . In contrast, the E7 oncoprotein binds to the retinoblastoma gene products, pRb, p107, cyclin A, AP-1 transcription factor, and the TATA box binding protein, TBP [6, 28, 29] . In this study, DNA fragments rather than oncoproteins from the transforming gene region, E6 -E7, were utilized and either the fragments had a direct effect on p53 stability or oncoprotein expression occurred in the sperm cytoplasmic remnants and mitochondrial compartments during the 24-h incubation period. A direct effect was possible since sperm DNA is arranged to include exposed loops and nucleosomal domains for foreign DNA integration [30, 31] . It is noteworthy that some reports indicated mutations in p53 were infrequent in a different cell type, namely, the HPV-associated cervical cancer cell [32] . In the sperm cell, the role of HPV in altering p53 remains to be fully elucidated. Interestingly, HPV type 16 DNA disrupted exon 8 but not exon 5 of p53, as shown by the reduced intensity of the fluorescence-stained DNA derived from exon 8. The opposite effect was noted for HPV type 18, which disrupted exon 5 but not exon 8. Although in both cases a damaged p53 gene was the end result, the data suggested that in sperm, depending on the HPV type, the virus has specific targets consisting of individual exons of important genes. The p53 gene codes for a nuclear phosphoprotein which functions to block cell cycle progression by stimulating the p21 gene, initiate apoptosis, and stimulate the DNA repair process through production of Gadd45 protein [33, 34] . A damaged p53 gene generating defective proteins would result in suppression of the death receptors DR4, DR5, DcR1, and DcR2 scheduled to bind to the tumor necrosis factor-related apoptosis-inducing ligand and this in turn would cause undesirable cell growth and proliferation [35] . The observed differential action of HPV types on p53 mutation has been reported in oral squamous cell carcinomas in which HPV 16 but not 18 was associated with p53 mutations [36] . In this study, the remaining HPV types, 6b/11, 31, and 33, were without effect on p53, consistent with previous studies [7, 37] . Note that the present study focused on incubated haploid chromosome sperm cells. In the in vivo environment, the possibility of DNA repair mechanisms correcting the mutated p53 gene [34] or contributions from the wild-type p53 gene of the oocyte postfertilization should be considered.
The presence of HPV DNA was associated with decreased sperm motility and total progression after 24 h of incubation. A previous report demonstrated a slight increase in motility in HPV-exposed sperm but the observations were made after 2 h of incubation [9] . The difference in observation suggested that the HPV DNA required time to affect the sperm motility apparatus. Lai and colleagues [5] reported that sperm from HPV-infected patients displayed significantly lower sperm velocities and amplitude of lateral head displacement. In the present study based on HPV DNA fragments, the mean amplitude of lateral head displacement was also lower for HPV 16-and 6b/11-exposed sperm. However, the hyperactivation parameter was not different for control and HPV-exposed sperm. Hyperactivation is a pattern of sperm movement characterized by either a star-spin or a whiplash movement and has been correlated with the capacity of sperm to fertilize oocytes [38] . The data suggest that HPV does not decrease the sperm fertilization capacity and that the transmission of the virus, in addition to the damaged p53, to offspring is a possibility.
The DNA disc chip assay utilized here to assess the integrity of the DNA fragments was simple and cost-effective [25] . The assay presents opportunities for small laboratories to take part in the exciting fields of comparative genomic hybridization [39] and microarray analysis [40] . The principle of the assay was based on undamaged test DNA hybridizing with control DNA located on a membrane disc similar to the Southern blot or dot-blot methods [41] . Intact test DNA exhibits maximal fluorescence in contrast to damaged or mutated test DNA that fails to hybridize efficiently and thus exhibit reduced fluorescence. However, assay drawbacks include the need to purchase the fluorescence attachment for an existing microscope and the laborious task of computer cutting and pasting images in a microarray design for storage.
In summary, the present study showed that E6 -E7 DNA fragments from HPV types 16 and 18 altered exon 5 or 8 of the p53 gene. HPV types 31 or 33 did not significantly affect the p53 exons. The data suggest that in sperm, specific HPV types degrade different exons of important genes such as p53. Motility and progression but not hyperactivation were reduced in sperm exposed to HPV DNA fragments for the 24-h period, suggesting the retention of fertilizing capacity and the possibility of transmitting virus-destabilized genes to each oocyte during fertilization.
